In this paper, we examine the role of firms' absorptive capacity in industry-university collaboration and, in particular, whether absorptive capacity moderates the effects of university collaboration on firms' innovativeness. Having defined absorptive capacity as the recognition, assimilation and application of valuable external knowledge for commercial purposes, we formulated three hypotheses pertaining to firm innovativeness and tested them in an original survey comprising a representative multi-industry sample of 1,532 Swedish firms. The results suggest that benefiting from university cooperation is conditional upon the firm's level of absorptive capacity. At low levels of absorptive capacity, engaging with universities does not translate into any noticeable increase in innovative output. In contrast, medium to high levels of absorptive capacity is where a firm benefit most from collaborating with a university. We also show that these effects are more pronounced for firms operating in sectors characterised by lower levels of technology and knowledge intensity.
policies, and dominant logics. The complex role of ABSCAP in facilitating innovation is recognised by previous research. Research shows that ABSCAP has a moderating effect on relationships linked to various aspects of firms' performance (Rothaermel and Alexandre, 2009) . ABSCAP has been recognised as moderator for the impact of international venturing on financial performance of an organisation (Zahra and Hayton, 2008) , and for the effect of external knowledge flows on innovation performance in the community innovation survey (CIS) of Spanish firms (Escribano et al., 2009) .
Previous research shows that industry-university collaboration has a positive effect on the innovativeness of a firm and that ABSCAP is a moderator on relationships that lead to innovation performance. However, studies that investigate the way ABSCAP can moderate a relationship between industry-university collaboration and innovativeness are still lacking, particularly in the form of a representative cross-sectoral study. This paper aims to add knowledge to this gap by examining the moderating role of ABSCAP in an extensive multi-industry study of 1,532 firms in Sweden.
The paper continues with Section 2 reviewing the literature on industry-university collaboration and ABSCAP in regards to innovation. In Section 3, we present our methodological approach including the measurement of variables. Subsequently, Section 4 features the analysis of the conceptual model as well as robustness checks. In the final section, the paper discusses the implications of the findings and concludes with limitations and areas for future research.
Collaborative innovation

Industry-university collaboration and innovation
Industry-university collaboration has continuously increased over the years in response to rising R&D costs and policy programs facilitating such partnerships for economic growth (Barnes et al., 2002; Mowery, 1998) . In a study of the European framework program, Caloghirou et al. (2001) demonstrate that firms seeking to expand their knowledge repository and to develop production processes most commonly choose universities as preferred partners for collaborative R&D. Lee (2000) stresses that the major benefits firms experience are access to latest research and discoveries, and progress in their development of new products and processes. Santoro and Gopalakrishnan (2000) show that some firms use research relationships to build competencies in non-core areas.
In this paper, we take the firm's perspective on such collaboration, however, it is important to recognise that the industry-university collaboration is a relationship based on mutual benefits. Universities have an interest in collaboration based on the receipt of funding for researchers and research equipment, as well as fresh insights into their own research areas (Lee, 2000) . Education and learning is an area where industry-university collaboration is useful for both partners. Firms have to continuously develop the skills and competences of their employees to sustain a contemporary professional workforce, whereas universities benefit with knowledge and ideas from industry practice (Slotte and Tynjälä, 2003) .
From a university perspective, the individual characteristics of researchers influence the degree of involvement, which most frequently occurs through meetings and conferences, followed by consultancy and contract research, and joint research (D'Este and Patel, 2007) . Ndonzuau et al. (2002) highlight idiosyncratic support activities from universities in different stages of a spin-off process. Such activities emphasise areas to which universities can also contribute to established firms. For example, universities can contribute to the generation and evaluation of promising ideas, and offer firms access to research facilities (Ndonzuau et al., 2002) and areas that are valuable for collaborative R&D. Cohen et al. (2002) highlight the substantial contribution of university research for industrial R&D especially within the manufacturing sector for the generation of new project ideas and completion of projects. However, it is important that university managers recognise and effectively manage the different barriers and in particular the drivers affecting the collaboration activities with firms (Galán-Muros and Plewa, 2016) .
Although there is an established link between industry-university collaboration and firms' innovativeness, the extent for such cooperation depends on various factors. In a review Hagedoorn et al. (2000) present several motives for firms engaging in research partnerships such as broadening the scope of activities, gaining access to investment options, complementary resources and capabilities, and facilitating learning and efficiency. Previous research found that firms pursuing an open search strategy for external knowledge collaborate more with universities as a specialist knowledge provider (Laursen and Salter, 2004; Tether and Tajar, 2008) . Firms that actively observe external knowledge are more likely to collaborate with universities while the level of such collaboration is contingent on their network interaction for knowledge generation and their willingness to signal competences (Fontana et al., 2006) .
Universities are one important type of specialist knowledge provider for firms, complemented by consultants and private research organisations (Tether and Tajar, 2008) . The existence of different external knowledge sources is important for firms' development, which also shows the intertwined nature of various actors for innovation. Previous research highlights that innovation increasingly arises from networks, may be linked to learning networks (Powell et al., 1996) , innovation networks (Chen, 2004) or open innovation (Chesbrough, 2003) . Networking contributes to firm's innovativeness by facilitating both product innovation and process innovation (Schøtt and Jensen, 2016) . Countries' innovation systems often occur within national R&D networks, where Wen and Kobayashi (2001) find the existence of a heterogeneous shift from a nationwide towards a regional R&D network in Japan.
Previous studies also show that there is an effect of industry-university collaboration on economic growth (Mueller, 2006) and firms' innovativeness (Etzkowitz, 2003; Looy et al., 2003; Mansfield, 1998) . Research conducted in the USA shows that innovations corresponding to over 5% of total sales could not have been developed without academic research (Mansfield, 1998) . These findings are confirmed through a study in Germany by Beise and Stahl (1999) , asserting that around 5% of sales from new products would not exist without academic research. In their study of industry-university collaboration supporting innovation performance, Harryson et al. (2008) find that learning within such a partnership enables the simultaneous utilisation of both exploration and exploitation within the firm's boundaries.
Despite the recognised benefits from both collaboration partners, the management of effective industry-university collaborations is a challenging matter. Difficulties may arise because of the complexity of various industry actors and universities being involved, as well as costs of knowledge transfers and intellectual property rights negotiations (Mowery, 1998) . Santoro and Gopalakrishnan (2000) show that industry-university collaboration is not always equally successful, but firms with more mechanistic structures, stable organisational cultures and trust in the university partner are more likely to institutionalise knowledge transfer as a requirement for innovation performance. Investigating the new product development process in SMEs collaborating with universities, Buganza et al. (2014) find that trust, technology management capabilities and project management capabilities are prerequisites for a successful collaboration in complex tasks of R&D. Also, Bstieler et al. (2015) emphasise the importance of establishing a trustful environment between the partners from industry and university that is based on a shared governance rather than formal intellectual property policies.
Overall, industry-university collaboration does not necessarily lead to innovative outcomes and is, by its nature, also influenced by the environment of institutional contexts, policies and national innovation systems (Ankrah and Al-Tabbaa, 2015; O'Shea et al., 2004) . In this respect, the prevailing infrastructure at universities for spin-off activities, technology transfer offices, and incubators are important features of an industry-university collaboration as well. In their systematic review, Ankrah and Al-Tabbaa (2015) present many drawbacks of industry-university collaboration including that there is still a high failure rate of collaboration indicating that the collaborative relationship between industry and university is ambiguous to some extent. Therefore, previous research on the benefits and disadvantages of industry-university collaboration, and the effect of such collaboration on innovation, gives us reason to test the following hypothesis.
Hypothesis 1 Industry-university collaboration has a positive effect on firms' innovativeness.
The described tendency of large firms utilising industry-university collaboration has its roots in the difficulties of small firms being constrained from pursuing significant investments for technology and knowledge absorption (Mowery, 1998) . In this respect, the ABSCAP, or the lack thereof, is a possible hindrance to industry-university collaboration.
Defining ABSCAP and its underlying dimensions
ABSCAP is described as the recognition, assimilation and application of valuable external knowledge for commercial purposes (Cohen and Levinthal, 1990) . Cohen and Levinthal (1990) emphasise that ABSCAP depends on the past by having a path-dependent character and that they are crucial for innovative capabilities. Zahra and George (2002) distinguish between potential ABSCAP (i.e., knowledge acquisition and assimilation) and realised ABSCAP (i.e., knowledge transformation and exploitation) for the creation of competitive advantage. This re-conceptualisation provides an explanation for the fact that some firms might be inefficient in utilising their potential ABSCAP, and argues for the value of social integration mechanisms to increase the efficiency of ABSCAP utilisation (Zahra and George, 2002) . Research shows that potential ABSCAP can be enhanced through coordination capabilities using cross-functional interfaces, participation and job rotation, whereas socialisation capabilities emphasising connectedness and socialisation tactics improve the realised ABSCAP (Jansen et al., 2005) . Also, Fosfuri and Tribó (2008) find that the important role of R&D cooperation as well as external knowledge acquisition and knowledge search experience, are antecedents of potential ABSCAP.
Learning is a core element of ABSCAP incorporating the utilisation of external available knowledge. Lane et al. (2006) separate three learning dimensions of ABSCAP in line with the initial conceptualisation by Cohen and Levinthal (1990) . Firstly, exploratory learning corresponds to the recognition and understanding of valuable external knowledge. Secondly, transformative learning concerns the assimilation of relevant knowledge and the combination of it with existing knowledge. Thirdly, exploitative learning describes the application of the assimilated knowledge. In contrast to Zahra and George (2002) who start with knowledge acquisition and assimilation, Lane et al. (2006) expand ABSCAP by adding the preceding stage of exploratory learning to identify valuable knowledge. Also, Todorova and Durisin (2007) emphasise the importance of recognising the value of external knowledge as a pre-step to knowledge acquisition when suggesting a dynamic model of ABSCAP based on feedback loops. This dynamic model contains key contingency factors where social integration mechanisms affect, in contrast to Zahra and George (2002) , all components of ABSCAP, where power relationships influence the exploitation of knowledge, and where appropriability of regimes (i.e., the efficacy of intellectual property rights) makes an impact on the relationship of ABSCAP between both its knowledge sources and its consequences.
Previous research has highlighted the impact of ABSCAP on business performance and innovation outcomes (Lane et al., 2006; Soosay and Hyland, 2008; Tsai 2001) . Lane et al. (2006) assert that ABSCAP contributes to the speed, rate of recurrence and degree of innovation. Innovation in turn, entails new knowledge, which contributes to the level of ABSCAP, exemplifying its path-dependent character (Lane et al., 2006) . Previous research also shows the positive effect of ABSCAP for both product and process innovation output (Murovec and Prodan, 2009 ). However, the role of ABSCAP is not always found to be linear. For example, Stock et al. (2001) find a nonlinear, inverted-U shape relationship between ABSCAP and new product development performance. Nevertheless, ABSCAP is an important factor for developing organisational innovativeness (Cepeda-Carrion et al., 2012) . In general, previous research assumes a positive relationship between ABSCAP and innovativeness, which leads us to the formulation of the next hypothesis.
Hypothesis 2 ABSCAP has a positive effect on firms' innovativeness.
The moderating role of ABSCAP
ABSCAP has been investigated in combination with collaboration of SMEs suggesting that ABSCAP increases the likelihood of establishing collaborations that in turn contribute to innovativeness and competitiveness (Muscio, 2007) , while it can also help to reduce the need of geographical proximity in innovation related collaboration (De Jong and Freel, 2010) . Moreover, previous research highlights the moderating influences of ABSCAP for various outcomes. ABSCAP has been found in moderating roles supporting business units' innovation and financial performance (Tsai, 2001) , innovation performance (Escribano et al., 2009; Rothaermel and Alexandre, 2009 ) and financial performance (Rothaermel and Alexandre, 2009; Zahra and Hayton, 2008) . The learning characteristics of ABSCAP and their effect on innovativeness, indicates that ABSCAP can be a powerful moderator for the relationship between industry-university collaboration and innovativeness. In this respect, the availability of pronounced learning abilities contributes to an effective utilisation of the collaboration for the firm's innovativeness. However, low levels of ABSCAP hinder R&D collaboration (Mangematin and Nesta, 1999) , and consequently also constrain the firm's innovativeness.
We expect that the benefits of collaboration between industry and university are to be contingent upon the level of ABSCAP exhibited by the firm. As such, we hold that the effects of collaborating with the university on innovativeness will be enhanced by a high level of ABSCAP. However, previous research provides rather mixed results indicating a complicated moderating role of ABSCAP. Shu et al. (2005) investigate the moderating effect of ABSCAP on the impact of external linkages on product innovation. Although they only find support for the moderation effect of ABSCAP on some external linkagessuch as corporation and research institute linkages -on product innovation they uncover a significant moderating effect when external linkages are crucial for offering complementary technologies. Moreover, their findings show that the moderating effect differs across various types of external linkage, and that a threshold level of ABSCAP is required for significant moderating effects. In addition, Nieto and Quevedo (2005) relate the moderating effect of ABSCAP to technology and science-related research environments by discovering its moderating effect on the relationship between technological opportunity and innovative effort.
In a study investigating different partners for product innovation performance, Tsai (2009) shows varying results of ABSCAP as a moderator for various types of partners and product innovation performance. While ABSCAP has a negative effect on the relationship between collaboration with research organisations and the performance concerning new or improved products, it affects positively the relationship between collaboration with research organisations and marginally changed products (Tsai, 2009) . Not only the type of innovation output, but also the amount of ABSCAP, can make a difference for the moderation. Rothaermel and Alexandre (2009) emphasise that ambidexterity becomes more important at higher levels of ABSCAP. Such ambidexterity demands the balancing of inward-looking and outward-looking ABSCAP to avoid performance problems (Rothaermel and Alexandre, 2009 ). Thus ambidexterity is a potential challenge that makes the moderating role of ABSCAP at high levels yet more challenging.
Moreover, Escribano et al. (2009) find that the moderating role of ABSCAP for innovation performance is dependent on, and greater for, turbulent knowledge sectors and environments with strong intellectual property protection. Both factors, a turbulent knowledge environment and intellectual property, relate directly to certain industry sectors such as high technology and knowledge-intensive sectors. Volberda et al. (2010) stress the importance of environmental conditions, such as knowledge characteristics, which influence the way ABSCAP is used for innovation outcomes, emphasising exploration aspects in turbulent knowledge environments. These observations make us pose the third hypothesis: Hypothesis 3 ABSCAP moderates the effect of industry-university collaboration on firms' innovativeness.
Empirical approach
Sample description
An original survey of 5,000 Swedish firms, stratified by region, firm size and industry affiliation, was conducted to generate the data for this paper. Given that the bulk of firms and universities are clustered in the Southern and Western parts of the country, a sample of 2,500 firms was drawn from regions that are classified as sparsely populated according to the EU Nomenclature of Territorial Units for Statistics division (Norrbotten, Västerbotten, Västernorrland, Jämtland, Gävleborg, Dalarna and Värmland), and a further sample of 2,500 firms was drawn from the Southern and Western parts. All firms with 250 to 499 employees were included in the sample, and a simple random sample was drawn from firms with 10-249 employees. Firms within the following industries, defined according to the Swedish Standard Industrial Classification 2007, were included (percentages indicate proportion within responding firms): agriculture, forestry and fishing (2.3%); mining and quarrying (0.7%); manufacturing (31.5%); electricity, gas, steam and air conditioning supply (1.3%); water supply, sewerage, waste management and remediation activities (1.2%); construction (15.7%); transportation and storage (8.7%); accommodation and food service activities (5.8%); information and communication (5.8%); professional, scientific and technical activities (9.9%); administrative and support service activities (6.7%); human health and social work activities (6.7%); real estate activities (3.8%). Statistics Sweden (SCB) administered the data collection from May to October of 2013. After two reminders, a total of 1,532 complete responses were obtained, corresponding to 30.64% as a response rate. Further examination by size class and localisation shows that the response rate varied between 32.69% and 29.36%, providing no grounds to suspect non-response bias was a concern. Table 1 summarises the descriptives of the dependent, independent and control variables used in the study. The variable ABSCAP is a multiple-item summated scale based on the conceptualisation by Lane et al. (2006) , comprising components of exploratory learning, transformative learning and exploitative learning. ABSCAP exhibits sufficient reliability (Cronbach's alpha = .84) and convergent validity as one factor, extracting over 62% of the variance. The response pattern exhibits desirable statistical properties, being close to a normal distribution both as a summated scale and as individual items, and having a sufficient variation. Note that the scale does not have a meaningful midpoint. Innovativeness (INNOV) indicates whether a firm introduced new or significantly improved goods or services during the last three years, and is directly comparable to the CIS query (OECD, 2005) . University Cooperation (UNICOOP) shows whether a firm cooperates with universities or other higher education establishments.
Measurement
Given that a firm's innovativeness and propensity to collaborate with universities has been shown to be affected by its industry (Laursen and Salter, 2004; Tether and Tajar, 2008) , manufacturing or service orientation (Lööf and Broström, 2008) , degree of technology and knowledge intensity (Freel, 2006; Kirner et al., 2009; Santoro and Chakrabarti, 2002 ), firm's size (Fontana et al., 2006; Lööf and Broström, 2008; Santoro and Chakrabarti, 2002) and location (Anselin et al., 1997; Laursen et al., 2011; Zaheer et al., 2000) , we include these controls in our research model. The control variables industry and self-reported goods vs. services orientation are captured by dummies; firm size is measured in number of employees. Our data does not allow us to identify the exact location of each firm. To capture the regional effect, and given the large and relatively uncommon variation of firm and university density in Sweden, we include a control localisation that identifies where the firm is located in terms of the EU Nomenclature of Territorial Units for Statistics: East, South, or North. • Have the routines to retain relevant knowledge and competences over time?
3.34 .93
• Have the capacity to connect new business opportunity with the knowledge or competences that exist in you firm?
3.68 .98
• See employees learning as an investment and not an expense? 3.27 1.00
• Promote experimentation and innovation as a way to improve or develop the work processes?
3.12 1.08 Finally, the degree of knowledge intensity of a firm's sector was developed following the OECD classification of knowledge-intensive sectors, based on the Statistical Classification of Economic Activities in the European Community (NACE) two-digit codes of responding firms (Eurostat, 2007) . For the purpose of further analysis, firms in high technology, medium-high technology manufacturing and knowledge-intensive services are grouped into "technology-and knowledge-intensive firms", described by the indicator variable TechInt.
Innovativeness (INNOV)
Model specification and results
To test the hypotheses we specify the probability of a firm introducing a new or substantially improved product (either goods or services) as the following baseline logit model with sampling weights:
where Λ designates logistic distribution, C f are control variables (a total of 19 as industry, localisation and goods vs. services are coded as dummies), α i are model parameters; in particular, parameter α 3 is of interest when examining the moderation hypothesis H3 via the interaction term ABSCAP × UNICOOP. Table 2 presents the estimation results for models M1 and M2 with direct data input; that is, with the original industry affiliation and ABSCAP without mean-centring. The first model (M1) does not include the interaction effect and supports hypotheses H1 and H2 in that ABSCAP and UNICOOP both have a positive and significant effect on a firm's innovativeness. The inclusion of the interaction effect ABSCAP × UNICOOP in the model results in a statistically significant improvement of fit. Furthermore, the interaction effect is positive and significant, yielding support to hypothesis H3 on the moderating effect of ABSCAP (although the direct effect of UNICOOP becomes insignificant). Observing, however, that models M1 and M2 did not include a measure of the knowledge intensity of the sector that the firm operates in, and that mean-centring of variables within the interaction terms is advised (Jaccard, 2003) , we proceeded to examine the hypothesised relationships in models M3 and M4. Both models include mean-centred ABSCAP and regrouped industry classes based on the knowledge or technology intensity. Table 3 reports the results of testing M3 and M4. As before, M3 does not include the interaction term and supports H1 and H2, and both UNICOOP and ABSCAP have a positive effect on the firm's likelihood of introducing a new product to the market. The final model M4 includes the interaction effect, which is significant. The introduction of the interaction effect in model M4 improves the fit of the model and the interaction effect is significant. The results are very similar in comparison with model M1, with the exception that UNICOOP retains its direct positive significant effect on INNOV. Again, hypotheses H1, H2, and H3 are all supported. Figure 1(b) suggests that at low levels of ABSCAP, UNICOOP might negatively contribute to the likelihood of introducing a new product to the market. An important observation to be made here is that, while knowledge intensity effects are controlled for, the predictive margins and marginal effects are reported 'at means'. Notes: N = 1,532; α are unstandardised coefficients; s.e. -robust standard errors, z is a z-test of α.
Further analysis
Given that prior studies suggest that technology and knowledge intensity of the firm affect its propensity to engage in collaborative agreements for innovation development, and the magnitude of the moderating affect (Escribano et al., 2009; Volberda et al., 2010) , we proceed further to assess the moderating effect of ABSCAP across firms operating in industries characterised by varying levels of knowledge or technology intensity. First, we create an indictor variable 'technology intensity' (TechInt) that assumes a value of 1 if a firm belongs to high technology, 1 medium-high technology or knowledge-intensive services, and a value of 0 otherwise. Then, we modify the following model (model 5, M5) to allow for all interaction effects: 
where TechInt is an indicator variable as described above. The results of estimating the model are reported in Table 4 
Robustness checks
To ensure the stability and robustness of the results we subject all models to a range of alternative specification (using log size, dropping items from the ABSCAP construct, using multinomial specification differentiating between service and goods innovations) and validation tests (jackknife estimation, dropping variables). In particular, we also used a skewed logit specification that relaxes the symmetry assumption of the conventional logit models. The substantive results remain the same, even though the intersection point shifts to the left in comparison to the core M4 plot in Figure 1(c) . Overall, the results are stable as the direction and significance of the effects do not change. 
A concern that is necessary to address in this type of cross-sectional study is endogeneity. In particular, one could expect that firm innovativeness and university collaboration can be determined simultaneously, causing estimates to suffer from endogeneity. To check for this concern, we specify a recursive bivariate probit model -where UNICOOP is a dependent variable in the first equation [equation (1)] and is a predictor of INNOV in the second one [equation (2)] -that allows for correlation of cross-equation disturbances and estimate it by following the procedure outlined in Greene (2008) . The results are reported in Table 5 ; categorical controls are included in both equations but are not reported in the interest of brevity. Even though the value of the Wald test of ρ = 0 is significant (chi 2 (1) = 11.88, p = 0.00), the signs and directionality of the effects do not change from the model M1. Hence, we conclude that endogeneity is unlikely to have affected the substantive meaning of the reported results.
Discussion and conclusions
With this paper, we sought to examine the role of ABSCAP in industry-university collaboration and, in particular, whether ABSCAP moderates the effects of university collaboration on firms' innovativeness. We examined the hypothesised relationships while controlling for the effects of industry, location, goods vs. service orientation, firm size, industry and knowledge intensity, as prior studies suggest that firms differ in their ability to create value from ABSCAP (Jansen et al., 2005) depending on those factors.
We formulated three hypotheses and tested them on a representative sample in an extensive cross-sectoral study with a representative cross-section of Swedish firms. Both hypotheses H1 and H2 are supported as predicted. The results of our study support hypothesis H1 showing that industry-university collaboration positively affects the innovativeness of firms. These findings are in line with previous studies (Etzkowitz, 2003; Looy et al., 2003; Mansfield, 1998) showing that such collaboration increases the firm's innovativeness. Moreover, hypothesis H2 is supported, demonstrating that ABSCAP has a positive impact on firms' innovativeness. Such results are consistent with previous research showing that realised ABSCAP has a direct effect on companies' innovativeness (Cepeda-Carrion et al., 2012) . However, the plot reported in Figure 1 (a) suggests that even though UNICOOP and higher levels of ABSCAP are associated with a higher likelihood of implementing innovations, the differences between cooperators and non-cooperators are larger within the mid-range levels of ABSCAP, which leads to the next point of the discussion.
A particular point of interest in the study is investigating whether the effects of collaborating with a university depend on the ABSCAP of the firm. Such an effect is stipulated in Hypothesis 3 and focuses on the moderating role of ABSCAP. Figure 1 based on the models with the interaction terms, plots the predicted probability of introducing a new innovation for varying levels of ABSCAP for firms that cooperate with universities, and those that do not. Figure 1(b) suggests that benefiting from UNICOOP does require a firm to possess a certain level of ABSCAP, which is in line with the study by Shu et al. (2005) . At low levels of ABSCAP, engaging with universities does not translate into any noticeable increase in innovative output. Moreover, there is an indication that firms with a low level of ABSCAP might find it disadvantageous to engage in industry-university collaboration. However, at higher levels of ABSCAP, engaging in UNICOOP does result in a statistically significant increase in innovativeness. Following Zahra and George (2002) , the findings suggest that at low levels of ABSCAP the gap of potential and realised ABSCAP might be too large to gain high levels of innovativeness, or to benefit from collaboration with an external knowledge provider, such as a university. As such, low degrees of ABSCAP seem to be insufficient for significantly contributing to a firm's innovativeness, even when complemented with industry-university collaboration.
Investigating the marginal effects of industry-university collaboration, Figure 1 (b) shows that, starting from the lower levels of ABSCAP, collaborating with academia results in an exponential increase of innovativeness up to a certain inflection point, past which collaboration benefits diminish. Considering the knowledge and technology intensity of the firm's sector helps to gain further insights into such a pattern.
Our analysis of the moderating effect of ABSCAP in model M5 addresses the importance of technology and knowledge intensity, expanding previous research investigating the moderating effect on technological relationships (Nieto and Quevedo, 2005; Rothaermel and Alexandre, 2009) . Firms in high technology, medium-high and knowledge-intensive services benefit more from university collaboration, emphasising that such collaboration helps them to overcome the particular challenges of technology-intensive R&D environments such as handling ambidexterity (Rothaermel and Alexandre, 2009 ). The result showing that technology and knowledge-intensive firms positively benefit from university collaboration becomes especially interesting when comparing it with less technology and knowledge-intensive firms with low levels of ABSCAP. Our results suggest that such firms might experience negative effects on innovativeness from collaboration. These findings can support Tsai (2009), portraying a negative moderating effect of ABSCAP for new or substantially improved productsinnovations that are more common in high technology contexts -and a positive effect of the moderation for marginally changed products that are more likely to happen in low technology sectors.
In this study, we have taken a business perspective and our findings show that it is important for policymakers, both at a governmental level and at a university level, to fully understand how benefits from academic collaboration are generated, transferred and implemented in firms. In the current set up of academic and industry collaboration, the study reveals that firms with different degrees of ABSCAP, and firms varying in technology and knowledge intensity, will experience different effects on their innovativeness. Hence, policy makers need to actively work with the integration of industry and universities to raise firms' innovativeness, and consequently to contribute to national economic growth. While there is a benefit from industry-university collaboration for firms' innovativeness, our study reveals that firms require a sufficient level of ABSCAP to fully benefit from collaboration and raise the innovation output. National policies need to embrace these potential differences by specifying, for instance, how rules for national funding for collaboration are stipulated, what assignment/task is given to academia and how state funded research is set up.
If society wants other types of firms to better benefit from collaboration, our findings can give guidance in establishing efficient and effective innovation support measures. For example, our findings help to emphasise collaboration support for firms in high technology, medium-high and knowledge-intensive services, which consistently benefit from collaborating with universities for enhancing their innovativeness. In contrast, firms in less technology or knowledge-intensive sectors might, before entering a formal industry-university support program, be supported in ways that help them to raise their ABSCAP internally. Another option is perhaps to include requirements concerning how to build a firm's capacity for state funded collaborations, and/or to assign to universities a support system for small and non-tech firms in setting up collaborations, securing a better output for the individual firm.
Moreover, business managers are encouraged to raise the level of ABSCAP within the firm by, for instance, effectively utilising knowledge management processes in their firms. At the same time universities can help facilitate knowledge absorption by firms through, for example, preparing available knowledge, categorising it, and complementing it with commercial considerations.
To summarise, our study shows that although industry-university collaboration is generally acknowledged to have a positive effect on the firm's ability to deliver innovations, such collaboration is not always effective as it also has to be properly set-up and managed. In particular, the firm's ABSCAP -or the capacity to recognise, assimilate and apply external knowledge for commercial purposes -is an important determinant of whether collaboration with universities is translated into new marketable innovation. This study shows that benefiting from UNICOOP does require a firm to possess a sufficient level of ABSCAP. At low levels of ABSCAP, engaging with universities does not translate into any noticeable increase in innovative output, while it is at medium to high levels of ABSCAP where the firm benefits the most from involving a university as a partner. Our study also shows that high, medium-high technology firms and knowledge-intensive services always benefit from collaborating with university where lower to middle levels of ABSCAP provide the largest marginal gains. In contrast, less technology-intensive firms and less knowledge-intensive services require a threshold level of ABSCAP to benefit from UNICOOP, demonstrating the largest marginal gains at medium to high levels of ABSCAP.
The limitations of the study should also be acknowledged. Our findings build upon a cross-sectional survey that do not include a time aspect and, thus, are correlational in nature. Even though there are no reasons to suspect that common method bias, non-responses or endogeneity affected our results, future studies should examine the dynamics of collaboration processes at two or more points in time. Another limitation is the degree of measurement sophistication of the dependent variable. While introducing an innovation to a market is definitely an essential component of the innovation process, future work may include more detailed measures such as innovation success, development time or contribution to a firm's knowledge base. Such work should perhaps have an extra focus on types of innovations generated in low-tech firms. Similar concerns and remedies also apply to our take on UNICOOP; the work reported here can be gainfully extended by considering various specific forms in which university-industry cooperation is carried out. Moreover, our study is limited to industry-university collaboration where the development levels of technologies and abilities can differ between scientists and employees of the firm. Consequently, the moderating effects of ABSCAP might be different in collaboration across solely industrial companies, which further research could investigate. Finally, our study focused on one part of the university-industry collaboration only, namely the firms and their capabilities. However, the outcome of any collaborative arrangement depends on both parties -hence, future work might incorporate the effects of universities' counterparts of ABSCAP, such as communicative capacity (Larsson et al., 1998) , on collaborative outcomes.
